Examining the dynamic energy landscape of an antiporter upon inhibitor binding.
Previously, we applied single-molecule force spectroscopy to detect and locate interactions within the functional Na(+)/H(+) antiporter NhaA from Escherichia coli. It was observed that the binding of the inhibitor 2-aminoperimidine established interactions different from those introduced by the binding of the native ligand. To understand the inhibitory mechanism of the inhibitor, we applied single-molecule dynamic force spectroscopy to reconstruct the energy landscape of NhaA. Dynamic force spectroscopy revealed that the energy landscape of the antiporter remained mainly unchanged except for the energy barrier of the functionally important transmembrane alpha-helix IX. Inhibitor binding set this domain into a newly formed deep and narrow energy minimum that kinetically stabilized alpha-helix IX and reduced its conformational entropy. The entropy reduction of alpha-helix IX is thought to inhibit its functionally important structural flexibility, while the deeper energy barrier shifted the population of active antiporters towards inhibited antiporters.